Abstract: The aim of this study was to compare the clinical performance of root caries restorations after a six-month period using two methods, a conventional technique with rotary instruments and an atraumatic restorative technique (ART), in an institutionalized elderly population in the city of Bogotá, Colombia. Root caries represents a multifactorial, progressive, chronic lesion with softened, irregular and darkened tissue involving the radicular surface; it is highly prevalent in the elderly, especially in those who are physically or cognitively impaired. A quasi-experimental, double-blind, longitudinal study was carried out after cluster randomization of the sample. Two different experienced dentists, previously trained, performed the restorations using each technique. After six months, two new investigators performed a blind evaluation of the condition of the restorations. The results showed a significantly higher rate of success (92.9%) using the conventional technique (p < 0.03). However, we concluded that ART may have been the preferred technique in the study population because 81% of those restorations survived or were successful during the observation period.
Introduction
The number of elderly individuals who preserve their natural teeth, and the number of natural teeth preserved in each elderly individual, are increasing. 1 Throughout their lives, the elderly accumulate oral pathologies and dental treatments; therefore, they present more complex situations to the dentist. 2 Many elderly individuals reside in geriatric institutions and are more vulnerable to diseases of dental origin. This is because they have limited access to dental healthcare services, physical or cognitive impairments, and, compared with those living in their homes, poorer oral hygiene and increased oro-dental diseases such as crown and root caries, which constitute an unsolved health problem. 3, 4, 5, 6 Root caries is a multifactorial, progressive, chronic lesion that exhibits softened, irregular and darkened tissue on the radicular surface and involves cementum, dentin or enamel in the proximity of the cementoenamel junction with an initial appearance on the root surface. 7 Crown and root caries constitute one of the main causes of tooth loss in elderly individuals and Declaration of Interests: The authors certify that they have no commercial or associative interest that represents a conflict of interest in connection with the manuscript.
represent one of the most important health problems in this population, with a prevalence between 27% and 66.7%. 8, 9, 10, 11, 12 Different alternatives in the management of root caries have been suggested, ranging from conventional removal with rotary instruments and sealing with polymer materials to the use of fluoride toothpastes and other remineralizing agents. 13 The atraumatic restorative technique (ART) is an alternative technique in which the softened tissue of the lesion is removed with a manual instrument and is sealed with an adhesive material such as glass ionomer cement. 14, 15 This technique is advantageous in that only the softened tissue is removed, the cavity is prepared according to the shape of the lesion, anesthesia is normally unnecessary, electrical or hydraulic equipment is not required, and it has a low cost and decreases patient anxiety. 16 However, with this technique, there are some limitations related to the filling material: the restoration is difficult to polish, the restorative materials have a sub-optimal resistance to oral fluids, there is a risk of leakage and compound cavity fracture, and the esthetics are limited. Thus, to perform ART, cavities should present certain criteria, such as extension to the dentin, ability to be removed with a manual instrument, and lack of a history of pain, fistula or pulp exposure. 6, 15 Glass ionomer cement is a good restorative agent for this technique because it has the following advantages: acceptable biocompatibility; good physical-mechanical properties; good adherence to dental substrates (enamel, dentin and cementum); minimal polymerization shrinkage; isolation, thermal and electrical properties; good marginal sealing properties; easy application; anti-cariogenic properties from fluoride release; and antimicrobial activity.
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In contrast, glass ionomer cements present some limitations, as mentioned above.
The purpose of the present study was to compare the clinical performance of root caries restorations using a conventional technique with a rotary instrument or ART in an elderly group of participants living in geriatric institutions in the city of Bogotá, Colombia.
Methodology
The study population consisted of elderly individuals aged older than 60 years who were living in nursing homes in the city of Bogotá, Colombia and were diagnosed with root caries. The Health Secretary of Bogotá provided a list of 225 geriatric institutions in the city; 165 were contacted and 23 consented to participate in the study (14% response). To determine the size of the sample, a difference in the survival rate of 15% or higher was considered to be clinically significant. To achieve 80% power and 5% statistical significance, an estimate of 80 restorations for each group was required.
The study protocol was approved by the Ethics Committee of the School of Dentistry of the Universidad Nacional de Colombia (approval protocol no. CIE 00194-12), and each study participant or responsible relative signed an informed consent form. A portable dental chair with illumination was used for clinical examinations in the nursing homes. The soft plaque was recorded according to the debris index (Greene and Vermillion, OHI-S index). 18 Subsequently, dental plaque and calculus were removed using a manual instrument. The diagnosis was performed according to the International Caries Detection and Assessment System (ICDAS) criteria for the visual inspection of root caries.
19 A root caries case was defined as the softening of the root dentin to a depth of 0.5 mm or greater as detected using a WHO dental probe. The teeth indicated for extraction or those with lesions close to the dental pulp and pain symptomatology were excluded from the study. A series of random numbers was used to fabricate sealed envelopes that were only opened for the random allocation of the participants to each working group (ART or conventional technique with rotary instruments). The decayed roots of each participant were filled using the same technique according to the assigned group.
To sta nda rdi ze t he procedu res, t he t wo experienced dentists (who performed all the restorations of the study) performed 10 restorations using rotary instruments (conventional technique) and 10 restorations using manual instruments (ART technique). After this, the dentists were randomly chosen to perform all of the restorations using one of the two techniques. ART was performed using only manual instrumentation to remove decayed tissue, whereas the conventional technique was performed using a high-speed hand-piece with irrigation and round diamond burs of different diameters. Cotton rolls and a retraction cord were used to obtain relative isolation of the operative field. Once the cavity was shaped, 2% chlorhexidine (Clorhexol 0.2 g/100 mL; Farpag ® , Bogota, Colombia) was applied with a cotton swab for one minute, 20, 21 and the cavity was dried and sealed with a glass ionomer cement modified with light-curing composite resin (Vitremer™ ® , 3M ESPE, Seefeld, Germany) following the manufacturer's instructions. The material was placed in the cavity using a dispensing gun, and a celluloid matrix was used to shape the root prior to polymerization. Restorations were polished on the same appointment. For the ART technique, interproximal metal and paper strips were used, and the conventional restorations were polished with fine-grain diamond burs and Sof-Lex discs (3M ESPE ® ) using a micromotor (MTI ® , Stará Turá, Eslovaquia) and a contra-angle (NSK ® , Shinagawa, Tokyo, Japón).
After six months, the condition of the restorations was assessed by two different prosthodontists, without awareness of the technique that was performed in each participant. The evaluation criteria were established according to the studies of Frencken et al., 22 Bayne and Schmalz, 23 Cvar and Ryge, 24 and Lo et al. 25 ( Table 1) . The data were gathered in a database created for the study and analyzed by a statistician. The statistician was blinded to the information on the type of treatment performed in each group. For the analysis of the plaque index, the oral hygiene of participants was classified as "optimal" when the values of the debris index were between 0.0 and 1.0, "regular" when the values of the index were between 1.1 and 2.0, and "poor" when the values of the index were over 2.1.
Initially, a descriptive analysis of the variables of the study was performed. A test of the proportional differences was carried out (Excel, Microsoft Office 2013 ® , Redmond, USA) to determine the significant differences among the compared variables.
Comparison of both techniques regarding technique failure, the quality of oral hygiene and the presence of antagonists were evaluated using the chi-squared test (SPSS, Chicago, USA). For the analysis of performance, the restorations were grouped into three categories as follows: "successful" if the restoration was present and without marginal defects or secondary caries; "survival" if the restoration was present with a 
Results
The
The teeth were grouped by type to determine which were most affected, as follows: 81 lower anterior teeth (48.5%), 31 upper anterior teeth (18.5%), 27 lower premolars (16%), 11 upper premolars (6.5%), 10 upper molars (6%), and seven lower molars (4%).
Regarding the distribution of the lesions according to dental surface, the vestibular surface was the most affected by root caries (38%), followed by the proximal surfaces (33% distal and 24% mesial) and the lingual and palatal surfaces (5%).
After six months, 64 participants were evaluated (32 men and 32 women) and 26 restorations (14.9%) were lost. Seven participants changed geriatric institutions and were lost to follow-up, two died, and the two remaining participants were unreachable at the institution during the time of revision. A total of 148 restorations were evaluated, 64 (43%) restorations using the ART and 84 (57%) restorations using the conventional technique. The distribution of the restorations according to the number of surfaces was as follows: for the ART technique, 68 (81%) restorations encompassed one surface, 15 (18%) restorations included two surfaces, and one restoration involved three surfaces. For the conventional technique, 54 (84%) restorations involved one surface, 9 (14%) restorations included two surfaces, and one restoration encompassed four surfaces. A significantly higher number of secondary caries was observed in the ART group than in the conventional technique group (p < 0.001; Table 2 ).
There was a statistically significant difference between the groups regarding the clinical performance of the restorations. Approximately 81.3% of the ART restorations were survivors or were successful after six months (9.4% and 71.9%, respectively) compared to 92.9% of the conventional technique restorations (4.8%, and 88.1%, respectively). A significantly higher number of failed ART restorations (p < 0.03) and a lower number of successful ART restorations (p < 0.025) were observed compared to those of the conventional technique (Table 3) .
The debris index showed a similar distribution in both treatment groups (p < 0.65). For the ART group, there were 22, 20 and 22 restorations in participants that showed "poor" "regular", and "optimal" oral hygiene, respectively; this distribution was 23, 30 and 31 for the conventional technique, respectively. There was no correlation between the failures in both restorative techniques and the quality of oral hygiene (p < 0.98).
Regarding the presence of the antagonist, 45 restorations from the ART group were performed in teeth that had an antagonist and 19 in teeth that did not; for the conventional technique, 45 restorations had an antagonist and 38 did not. When analyzing the type of antagonist, for ART, 11 were natural teeth and 34 were acrylic; for the conventional technique, 22 were natural antagonists and 23 were acrylic teeth. There was no correlation between the failures in both techniques and the presence of an antagonist. Of the six failed restorations using the conventional technique, half had an antagonist, while three did not. However, of the 12 failed restoration with the ART technique, 11 were performed in teeth with an antagonist, which was close to statistical significance (p < 0.07).
Discussion
Studies that assess ART for root caries of permanent teeth are rare. 25, 26, 27 They are even less common in an institutionalized elderly population. The present study compared the clinical performance of root caries restorations performed using ART and a restorative technique using rotary instruments in an elderly population. A survival rate between 80% and 86% has been reported for ART restorations in permanent teeth after a 1-to 3-year follow-up.
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More specifically, for root caries in the elderly, the reported survival was 86.4%, 87% and 63% after a follow-up of 6, 12 and 24 months, respectively. 25, 26, 27 In the present study, the rate of success and survival was slightly lower than that reported previously (81% at the 6-month follow-up).
A statistically significant difference was observed when comparing the failure of the restorative techniques, with 18.7% failure in ART and 7.1% for the conventional technique. In contrast with these results, in 2006, Lo et al. 25 conducted a study on a population similar to that used in our study and reported the lack of a significant difference in clinical performance when comparing both methods in 122 restorations (59 ART and 63 conventional restorations) using conventional and glass ionomer cement modified with composite resin. At the 12-month follow-up, nine ART restorations and six conventional restorations failed.
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The factors associated with the failure of ART reported in the literature include type of restorative technique, restorative material, operator, low frequency of tooth brushing and high levels of dental plaque.
28, 29
Regarding the restorative material, a manual mixture of glass ionomer cement may incorporate air or generate changes in their properties if inadequate proportions are added. 30 In the current study, the glass ionomer cement was manually mixed; however, it was applied to the cavity using the manufacturer's dispenser and a matrix to shape it to the root anatomy while confirming its adoption with a probe. The study by Ewoldsen et al. 31 evaluated the mechanical properties of the glass ionomer in enamel and dentin when modifying the powder-liquid proportions (3.6:1) and showed significantly greater wear resistance and greater adherence to the tooth using glass ionomer cement modified with composite resin compared to that using conventional glass ionomer cement. Thus, the use of glass ionomer cement modified with composite resin is recommended to increase the rate of success of ART restorations, and for that reason, we used this material in the present study. An additional factor that might affect the long-term results of root restorations is the extent of the restoration. In the present study, the distribution of the root surfaces affected by the lesions was quite similar in both groups, as shown in the results.
In addition, operator-related factors may contribute to the failure of the restorations, and include incorrect clinical indications to perform the procedure, insufficient removal of decayed tissue, inadequate management of humidity, and poor manipulation of the restorative material. 22, 32, 33 In an attempt to control these aspects in the present study, the operators were standardized prior to performing the restorations on the participants of the study. There were more failures in the ART than in the rotary technique, and most of them were because of secondary caries. Uncooperative behavior in institutionalized elders leads to poorer oral hygiene and more caries. 4 This could also exacerbate the incomplete removal of decayed tissue (especially when it is performed with manual instruments), which in the presence of high levels of dental plaque is a risk factor for secondary caries. Although the present study did not examine this factor, future work should investigate it to determine the role it may play in treatment failure. The use of a caries detector system when performing the ART technique might also help to achieve the complete removal of decayed tissue, thereby contributing to the success of the ART technique.
In the present study, the failure of the restorations was correlated with oral hygiene and the presence of an antagonist to the treated tooth, with a non-statistically significant association.
Oral hygiene may be related to the failure of ART root caries restorations in the elderly. 27, 28 Regarding the "poor" and "regular" debris index scores, eight cases of ART failed compared to 24 restorations with the same values of oral hygiene that showed no signs of failure. In addition, four restorations with an "optimal" oral hygiene score failed compared to 18 acceptable restorations. This indicated the irrelevant role of oral hygiene in the condition of the restorations during this follow-up period. The short follow-up time of the present study may explain the lack of association between the failure of restorations and deficient oral hygiene. To address the latter issue, Kemoli et al. 34 reported in 2011 a correlation between a high plaque index and a higher risk of failure of restorations when assessing the plaque index of 648 temporary molars restored with ART in a 2-year follow-up; however, this relationship was not statistically significant.
The presence of a tooth opposing the tooth that receives a cervical filling might affect the long-term performance of the restoration due to the concentration of tensile forces in that area, which might produce failures of retention and the formation of marginal gaps. 35 The six-month follow-up period of the current work might not be sufficient to evaluate this variable. In addition, elderly people might have natural, ceramic or acrylic antagonists to the tooth being restored or might not have antagonists. The examination of this aspect in relation to the clinical outcome of root caries restorations will facilitate clinical decision making.
Given the particular circumstances of the elderly institutionalized population, in which a high percentage of the population present physical or cognitive disorders that obstruct their oral hygiene habits, as well as obstructing their regular transfer to a dental office for conventional treatment. The use of alternative techniques such as ART, which was shown in the present study to have a high percentage of survival and success (81%), may be an alternative to dental treatment at their residence, thus contributing to the improvement of their quality of life.
Some of the present study's limitations need to be discussed. The sample was not selected from all the nursing homes in Bogotá; we made contact with only 165 of the 225 geriatric institutions in the city, and only 23 of them consented to participate and thus constitute part of the sample. These institutions were considered to be representative of the population, but the sampling framework was not random. Thus, a potential selection bias cannot be ignored, although it was not apparent. Standardization of the dentists who performed the restorations was conducted, but intra-examiner reliability was not measured and could represent a source of potential bias. Finally, the use of the split mouth method is suggested for future works to reach a more balanced sample in the study groups.
Conclusions
Considering the conditions of the present study, the following conclusions can be made:
(1) A significantly higher number of failures in root caries restorations were observed with ART than with the conventional technique. Nevertheless, the high percentage of success and survival in the ART restorations indicates that the use of this technique is recommended in a similar study population.
(2) The conventional technique with rotary instrumentation continues to be the method of choice as long as the patient can visit a dental office or when a portable dental unit is available to perform the procedures at a geriatric institution.
